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In this letter, we propose an alternative cosmography by considering Horˇava-Lifshitz gravity as a model of
quantum gravity to search for quantum effects at the cosmological level. For our analyses we consider current
late universe surveys and a Gravitational Waves forecast from Einstein Telescope. We found naturally a non-flat
scenario with Ωk = −0.021+0.023−0.029 with H0 = 71.904+1.406−1.347, without showing the standard reported 3.4-σ
inconsistency. Furthermore, we obtained a specific value for the Horˇava parameter ω ≈ −3.8 × 10−14, which
can be interpreted as a measure of a quantum effect and could be used to further test this quantum gravity model.
We conclude that classically, according to the ΛCDM model, our universe seems to be spatially flat, but in fact,
it is curved from a quantum point of view.
PACS numbers: 98.80.-k, 98.80.Es, 98.80.Qc
Introduction.- Obtaining a theory of Quantum Gravity
(QG) is still an unsolved problem in modern physics [1, 2].
The objective one has in mind when making this statement
is obtaining a theory of gravity which is valid at all scales.
Since gravity is a rather weak force, its quantum effects are
not expected to be observable at scales which we can currently
probe. The criteria by which a candidate theory for QG may
be assessed are limited to mathematical/internal consistency,
reproducing the classical descriptions of General Relativity
(GR) and leading to nontrivial predictions that can eventu-
ally be tested. As it is standard, we try to implement quan-
tisation methods to GR. However, GR is perturbatively non-
renormalizable and new methods have to be found. One op-
tion is to follow a minimal approach and obtain a perturba-
tively renormalizable UV completion of GR as a Quantum
Field Theory (QFT) for the metric field in 3+1 dimensions.
Although, this proposal requires giving up some properties of
GR, as its original formulation does not satisfy the perturba-
tive renormalisability requirement, at least not at the Gaussian
fixed point. This line of thought can be viewed as the moti-
vation for a theory of QG with anisotropic scaling in the UV,
the so-called Horˇava-Lifshitz gravity (HLG) [3, 4], where the
treatment of the UV fixed point is akin to what is done in crit-
ical systems.
In a recent work [5], HLG was tested in the context of cos-
mography. Essentially, cosmography assumes only the valid-
ity of the Cosmological Principle, which fixes the geometry of
spacetime, without invoking any particular dynamical theory.
Therefore, it is a powerful tool to test the theoretical predic-
tions of dynamical models and to compare different models
concerning observations. In this analysis, HLG turns out to
be disfavored when compared with the standard cosmologi-
cal model, which follows from Einstein gravity. For our pro-
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posal, we perform an alternative analysis by considering HLG
as a model of quantum gravity and search for quantum ef-
fects at the cosmological level. To achieve this goal, we use
the new formalism called inverse cosmography [6] with recent
and simulated observational data, including a higher redshift
range, from which we do not exclude a priori the possibility
of having quantum prints. Then, we analyse HLG to estab-
lish signatures that could follow from the quantum nature of
the model. In these lines of thought, the inverse cosmography
was proposed to test the cosmodynamical parameters and use
them to analyse the kinematics via its generic cosmographic
parameter, this without experimenting with the standard prob-
lems of truncation of the cosmographic series.
Standard cosmography description.- The cosmographic
method can be described as an independent technique to ob-
tain viable limits on the cosmic accelerated universe history
at late times, considering by default the validation of the Cos-
mological Principle [7, 8]. Its requirements are homogene-
ity and isotropy with spatial curvature given by a Friedmann-
Lemaıˆtre -Robertson-Walker (FLRW) metric ds2 = dt2 −
a(t)2
(
dr2 + r2dΩ2
)
, where we employ dΩ2 ≡ dθ2 +
sin2 θdφ2. Usually, the cosmological scenario provides a
whole energy density dominated by a constant Λ, or by some
dark energy density, with cold dark matter in second place and
baryons as a small fraction on the rest. The corresponding
spatial curvature in the case of time-independent dark energy
density is actually constrained to be negligible. This method-
ology can give us numerical results which do not depend on
the particular choice of the cosmological model, since only
Taylor expansions are compared with observational samplers.
The cosmographic expansions can be obtained by determin-
ing the scale factor a(t) as a Taylor series around present time
t0(z = 0):
a(t) ∼ a(t0) + a′(t0)∆t+ a
′′(t0)
2
∆t2 +
a′′′(t0)
6
∆t3 +
+
a(iv)(t0)
24
∆t4 +
a(v)(t0)
120
∆t5 + . . . , (1)
ar
X
iv
:2
00
5.
08
78
4v
1 
 [g
r-q
c] 
 15
 M
ay
 20
20
2which recovers signal causality if one assumes ∆t ≡ t− t0 >
0. Therefore, from the latter expansion of a(t), we can define
H ≡ 1
a
da
dt
, q ≡ − 1
aH2
d2a
dt2
, j ≡ 1
aH3
d3a
dt3
, (2)
s ≡ 1
aH4
d4a
dt4
, l ≡ 1
aH5
d5a
dt5
. (3)
These equations are model-independent, i.e., they do not
depend on the form of the dark energy fluid present in Fried-
mann equations since they can be directly constrained by ob-
servations. They are the so-called: Hubble rate (H), accelera-
tion parameter (q), jerk parameter (j), snap parameter (s), and
lerk parameter (l), respectively. Rewriting a(t) in terms of
these cosmographic parameters with a normalised scale factor
to a(t0) = 1
a(t) ∼ 1 +H0∆t− q0
2
H20 ∆t
2 + +
j0
6
H30 ∆t
3 +
s0
24
H40 ∆t
4
+
l0
120
H50 ∆t
5 + . . . (4)
We can re-scale the above cosmographic parameters in terms
of the Hubble rate and its derivatives so that only three inde-
pendent cosmographic coefficients appear explicitly
H˙ = −H2(1 + q) , (5)
H¨ = H3(j + 3q + 2) , (6)
...
H = H
4 [s− 4j − 3q(q + 4)− 6] , (7)
....
H = H
5 [l − 5s+ 10(q + 2)j + 30(q + 2)q + 24] . (8)
Notice the correspondence degeneracy between the Hubble
parameter derivatives and the cosmographic parameters as a
consequence that all these expressions are multiplied by H .
Background for inverse cosmography.- In [6], it was
pointed out that the degeneracy problem in cosmological mod-
els can be modulated using an inverse cosmography method-
ology, which lies on the idea that the kinematics of the uni-
verse can be understood by setting limits of the current stan-
dard cosmography using not only Taylor-series like parame-
terisations, but also high order polynomials. This proposal
also solves the problem of the error propagation over the sta-
tistical test, making it possible to set a cutoff on the cosmo-
graphic parameters directly from the dynamics of the cosmo-
logical ones. Therefore, we are directly seeing the dynamics
of a model through its cosmographic parameters.
We can set the equations to be used in the case of a specific
model or, in our case, a model that can relax the UV limit. We
derive the inverse cosmography considering a spatial flatness
hypothesis on the Hubble function as(
H(z)
H0
)2
= Ωk(1+z)
2+Ωm(1+z)
3+Ωr(1+z)
4+Ωifi(z),
(9)
where the curvature and radiation terms are Ωk and Ωr, re-
spectively. The term Ωi is related with the standard descrip-
tion of the current universe evolution once we know the form
of f(z). Moreover, this approach requires a fiducial model,
then we can write a generic expression for the cosmological
equation of state (EoS) [6, 9]
w(z) = −1 + 1
3
(1 + z)
fi(z)
′
fi(z)
, (10)
where the prime denotes d/dz. We note that the generic
EoS depends only on the form of fi(z). Following the in-
verse cosmography idea, we can use (10) with the chain rule
˙ = d/dt = −(1 + z)H(z)d/dz, to obtain the set of cosmo-
graphic parameters in terms of H(z) and its derivatives:
q(z) = −1 + 1
2
(1 + z)
[H(z)2]′
H(z)2
, (11)
j(z) =
1
2
(1 + z)2
[H(z)2]′′
H(z)2
− (1 + z) [H(z)
2]′
H(z)2
+ 1, (12)
s(z) = −1
6
(1 + z)3
[H(z)2]′′′
H(z)2
+
1
2
(1 + z)2
[H(z)2]′′
H(z)2
+(1 + z)
[H(z)2]′
H(z)2
− 1. (13)
By solving and evaluating these expressions at z = 0, we get
the usual cosmographic series
H(z) = H0 +
dH
dz
∣∣∣∣
z=0
z +
1
2!
d2H
dz2
∣∣∣∣
z=0
z2
+
1
3!
d3H
dz3
∣∣∣∣
z=0
z3 + . . . (14)
Similar expressions can be calculated by expressing every-
thing in terms of the function normalised by the Hubble con-
stant, E(z) = H(z)/H0 and its derivatives. Nonetheless, the
information we can obtain is exactly equivalent.
Horˇava-Lifshitz dynamics.- In HLG, it is assumed that
Lorentz invariance is violated at the UV regime and that the
theory reduces to GR with cosmological constant in the IR
limit. The idea consists in introducing Lorentz breaking terms
such that the theory becomes renormalisable in the UV limit.
It was established that if space and time re-scale differently as
xi → lxi, t → lzt, where z is the scaling exponent, then
in the case z = 3 one can add non-relativistic terms to the
Einstein-Hilbert action in such a way that the resulting theory
is renormalisable by power counting.
Several versions of this theory have been proposed so far in
order to solve different conceptual problems that appear at the
UV and IR energy levels. Despite this ambiguity, the theory
has been applied in many frameworks, especially in black hole
physics and cosmology. In this work, we will consider the
generalised Horˇava action that can be written as
3Sg =
∫
d4xN
√
g
[
2
κ2
(
KijK
ij − λK2)− κ2
2ν4
CijC
ij +
κ2µ
2ν2
ijkRi`∇jR`k −
κ2µ2
8
RijR
ij+
κ2µ2
8(3λ− 1)
(
4λ− 1
4
R2 − ΛWR+ 3Λ2W
)
+
κ2µ2ω
8(3λ− 1)R
]
, (15)
where
Kij =
1
2N
(g˙ij −∇iNj −∇jNi) , and Cij = ikl∇k
(
Rjl −
1
4
Rδjl
)
, (16)
are the extrinsic curvature and the Cotton tensor, respec-
tively. The dot represents the derivative with respect to the
time coordinate, and R is the scalar curvature. Further, N
and Ni are the lapse and shift in the 3+1 decomposition, i.e.
ds2 = −N2c2dt2 + gij(dxi +N idt)(dxj +N jdt).
This model presents a significant degeneracy since it de-
pends upon six parameters: κ, λ, µ, ν, ΛW and ω, which
are not completely free. Some of them determine the speed
of light c, the gravitational constant G and the cosmological
constant Λ according to
µ2 =
16c2(3λ− 1)2|Λ|
3κ4Λ2W
, G =
κ2c2
16pi(3λ− 1) , (17)
where ΩΛW =
2
3ΩΛ , and if λ < 1/3 implies the presence of
repulsive gravitational effects. The contrary case (λ > 1/3)
leads to attractive gravity. Under the ansatz ΛW > 0, the only
scenario to be in agreement with local scale limits, and consid-
ering a perfect-fluid source with energy density and pressure ρ
and p = wρ, respectively, we can compute the new Friedmann
equations for this theory and obtain
(
a˙
a
)2
= b1
{
ρ± b2
[
−Λ2W +
2k(ΛW − ω)
r20a
2
− k
2
r40a
4
]}
, (18)
a¨
a
= b1
[
−1
2
(ρ+ 3p)± b2
(
−Λ2W +
k2
r40a
4
)]
, (19)
with b1 = κ2/[6(3λ − 1)] and b2 = 3κ2µ2/[8(3λ − 1)].
We can combine the latter expression and write a differential
equation in terms of the redshift a = (1 + z)−1 as the cor-
responding differential equation, obtained by combining the
above two expressions, can be recast as
(1 + z)
dH2
dz
− 3(1 + w)H2 + Λ(1 + w)c2 − Λkc
2
3Λ2W r
2
0
[
(1 + 3w)(ΛW − ω)(1 + z)2 + k
2r20
(1− 3w)(1 + z)4
]
= 0 . (20)
We defined the Hubble rate H ≡ a˙/a and |Λ| =
3µ2κ4Λ2W /16c
2(3λ − 1)2. Following, we need to charac-
terise the type of fluid in the HLG to study its dynamics. We
will consider the case of dust, which is the simplest case of
a matter term with EoS: p = 0 (w = 0). In [5], the Horˇava
corrections to the Friedmann equations were found, showing
that they become relevant for different regimes, e.g., at the
low redshift regime, the term ω does not contribute so that it
is difficult to bound it in a FLRW scenario. If we assume a
constant barotropic factor w for a given cosmological fluid,
the Hubble rate H(z) can be written as
E2(z) =
∑
i
Ωi(1 + z)
3(1+wi) + Ωk
(
1− Ωω
ΩΛ
)
(1 + z)2 + Ω∗r(1 + z)
4 + ΩΛ , (21)
where E2(z) = H2/H20 and |Ωω| ≡ ωc2/(2H20 ).
Horˇava-Lifshitz inverse cosmography.- To compute the
generic cosmograhic parameters for the HLG theory, we use
its EoS (21) in the inverse cosmography equations (11)-(12)-
(13). The simplest scenario to be considered is the HLG dust
case:
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FIG. 1: Cosmographic parameters for Horˇava (dashed line) in comparison to standard dust case (solid line).
q = −1 +
(z + 1)2
(
Ωk
(
2− 2ΩwΩΛ
)
+ (z + 1) (3Ωm + 4(z + 1)Ω
∗
r)
)
2
(
(z + 1)2Ωk
(
1− ΩwΩΛ
)
+ ΩΛ + (z + 1)3Ωm + (z + 1)4Ω∗r
)∣∣∣∣
z=0
= −1 +
Ωk
(
2− 2ΩwΩΛ
)
+ 3Ωm + 4Ω
∗
r
2
(
Ωk
(
1− ΩwΩΛ
)
+ ΩΛ + Ωm + Ω∗r
) , (22)
j =
ΩΛ
(
ΩΛ + (z + 1)
3Ωm + 3(z + 1)
4Ω∗r
)
ΩΛ (ΩΛ + (z + 1)3Ωm + (z + 1)4Ω∗r)− (z + 1)2Ωk (Ωw − ΩΛ)
∣∣∣∣
z=0
=
ΩΛ (ΩΛ + Ωm + 3Ω
∗
r)
ΩΛ (ΩΛ + Ωm + Ω∗r)− Ωk (Ωw − ΩΛ)
, (23)
s =
ΩΛ
(
ΩΛ + z(z + 1)
2Ωm + (3z − 1)(z + 1)3Ω∗r
)
ΩΛ (ΩΛ + (z + 1)3Ωm + (z + 1)4Ω∗r)− (z + 1)2Ωk (Ωw − ΩΛ)
,
∣∣∣∣
z=0
=
ΩΛ (ΩΛ − Ω∗r)
ΩΛ (ΩΛ + Ωm + Ω∗r)− Ωk (Ωw − ΩΛ)
, (24)
l =
ΩΛ
(
ΩΛ + z(z + 1)
2Ωm + (z(3z + 2) + 1)(z + 1)
2Ω∗r
)
ΩΛ (ΩΛ + (z + 1)3Ωm + (z + 1)4Ω∗r)− (z + 1)2Ωk (Ωw − ΩΛ)
∣∣∣∣
z=0
=
ΩΛ (ΩΛ + Ω
∗
r)
ΩΛ (ΩΛ + Ωm + Ω∗r)− Ωk (Ωw − ΩΛ)
. (25)
We can derive expression of HLG parameter ΩW in terms of the cosmographic parameters as:
ΩW (q0) =
ΩΛ (2q0Ωk + 2ΩΛ + 2q0Ωm − Ωm + 2q0ΩΛ)
2q0Ωk
, (26)
ΩW (j0) =
ΩΛ (j0Ωk + j0ΩΛ + j0Ωm − ΩΛ − Ωm)
j0Ωk
, (27)
ΩW (s0) =
ΩΛ (s0Ωk − ΩΛ + s0Ωm + s0ΩΛ)
s0Ωk
. (28)
In Figure (2) we obtain the cosmographic parameters for Horˇava in comparison to standard dust case in an observational redshift
range.
Observational and forecast surveys.-
1. Pantheon SNeIa sampler: Consist of 1048 SN Ia in a
redshift region z ∈ [0.01, 2.3] [10], whose distance
moduli are standardized through the SALT-2 light-
curve fitter. Under the only assumption of a flat uni-
verse, the full Pantheon catalog can be compressed into
six model-independent E−1(z) measurements. There-
fore, we use these measurements correlated among
them according to the covariance matrix Cij . In this
case, the likelihood probability function is described by
LSNeIa ∝ exp
(
−1
2
V TC−1ij V
)
, (29)
where V = E−1obs − E−1th is the differences between the
observed and the theoretical expectation values.
2. Cosmic Chronometers: The late cosmic expansion can
be studied in a model-independent way by measuring
the age difference of Cosmic Chronometers (CC). [11].
From the spectroscopic measurements of the redshifts
between pairs of old and passively evolving galaxies
and their differential age, one can obtain the Hubble pa-
rameter H(z) = −(1 + z)−1dz/dt. In this work we
consider 31 uncorrelated measurements of H(z) in a
redshift range z : [0, 2]. Confronting these values with
the corresponding Hubble expansion rates predicted by
the theoretical scenarios, one can write the likelihood
function as
LCC ∝ exp
[
−1
2
31∑
i=1
(
Hobsi −Hthi
σH,i
)2]
. (30)
3. H0LiCOW data: For this sampler, we employ the time-
delay distance given by
D∆t = (1 + zl)
DlDs
Dls
, (31)
5FIG. 2: C.L Cosmographic parameters space for Horˇava dust model
at z = 0 using observational samplers: Pantheon, GW, H0liCOW
and CC.
where zl is the redshift of the lens and
Dl =
H−10
1 + zl
∫ zl
0
dz
E(z)
, (32)
Ds =
H−10
1 + zs
∫ zs
0
dz
E(z)
, (33)
Dls =
H−10
1 + zs
∫ zs
zl
dz
E(z)
, (34)
and zs are the angular diameter distances to the lens,
to the source, between the lens and the source and the
source redshift, respectively. In this work, we use the
six systems of strongly lensed quasars analysed by the
H0LiCOW collaboration [12], in where the likelihood
function for the D∆t is described by
LH0LiCOW ∝ exp
−1
2
6∑
i=1
(
Dobs∆t,i −Dth∆t,i
σD∆t,i
)2 . (35)
4. Standard Sirens ET simulations: We use here simu-
lations from a third-generation ground-based GW de-
tector, Einstein Telescope (ET), since it will allow to
have a better statistical sensitivity detection in compar-
ison to the current LIGO detectors. The advantage of
this observation is that it can be used to relax (or even
break) degeneracies generated by other surveys due to
their definition in terms of the absolute luminosity dis-
tance [13], and its redshift range will reach z ≈ 2 − 3.
To perform the simulation, we first consider the best
fits parameters for the HLG dust model obtained from
H0LICOW + Pantheon + CC, then this will be the fidu-
cial model to generate the GW standard sirens simula-
tions from the ET1. The simulation consist in 1000 stan-
dard sirens from the ET, where each point consist of a
vector given by redshift, the luminosity distance and its
error as: (zi, dL, σi). The set of simulated GW data will
consist ofN data points and the standard likelihood can
be described by
LGW ∝ exp
−1
2
N∑
i=1
[
diL − dL(zi; Θ)
σidL
]2 , (36)
where zi, diL and σ
i
dL
are the ith redshift, luminosity
distance and its error, respectively. Θ denotes the set of
HLG cosmographic parameters obtained by the above
samplers.
HLG quantum signatures.- To perform the cosmographic
statistics, we employ combinations from the observations de-
scribed and denote the total χ2tot function as
χ2tot = χ
2
Pantheon + χ
2
CC + χ
2
H0LICOW + χ
2
GW. (37)
Our best fits values for the HLG theory parameters are re-
ported in Table II. For the cosmographic parameters derived
from the HLG theory in the dust case scenario are reported
in Table Table I. Finally, in Table III we present the values
for the derived quantities for the HLG theory using the results
reported in the latter Tables. In Figure 2 we present the cos-
mographic parameters space for Horˇava dust model at z = 0
using observational samplers described above.
From (18), we notice that a−4 denotes the contribution
from the higher-derivatives terms that are present in the
Horˇava action and are expected to play a relevant role in the
UV limit. This term vanishes in the case of a spatially flat
universe (k = 0), implying that UV contributions can be de-
tected only if k 6= 0. We interpret this result as an indication
that the quantum effects in HLG cosmology necessarily lead
to a spatially curved universe. This is probably the reason why
a comparison of HLG cosmology with the flat ΛCDM model
leads to inconsistencies [5]. To evaluate the contribution of
the quantum effects in the HLG cosmology as given by (18),
we introduce the notation
ρk ≡ 2k(ΛW − ω)
r20a
2
, ρQ ≡ k
2
r40a
4
. (38)
Then, the quantum contribution ρQ is related to the curvature
contribution ρk by
ρ2k
ρQ
= 4(ΛW − ω)2 . (39)
1 The full method is described in [14].
6Best fits
Parameters Pantheon CC GW H0LiCOW Pantheon + CC + GW + H0LiCOW
H0 71.84
+0.706
−0.708 69.010
+1.329
−1.332 72.574
+0.747
−0.757 71.367
+0.6840
−0.689 71.904
+1.406
−1.347
q0 −0.424+0.077−0.060 −0.533+0.142−0.119 −0.450+0.152−0.152 −0.385+0.053−0.045 −0.423+0.133−0.141
j0 1.199
+0.907
−1.003 0.114
+1.322
−1.459 0.912
+1.518
−1.832 1.539
+0.704
−0.834 1.210
+1.891
−1.863
s0 −18.484+7.945−8.825 −11.171+11.101−13.405 −19.428+7.509−12.790 −21.387+6.164−7.255 −18.510+16.746−16.514
TABLE I: Cosmographic parameters results for HLG theory dust case with SNeIa Pantheon, CC, H0LICOW, GW and the combinations of the
samplers.
Afterward, we can compute the constant ΛW −ω by using our
samplers and this will allow us to estimate the contribution of
the quantum effects at the cosmological level. Recall that ΛW
represents in this theory the cosmological constant. Therefore,
the quantum contribution is entirely contained in the constant
ω.
In particular, for the best fits obtained using the join
samplers Pantheon+CC+GW+H0LiCOW, we can set current
bounds at cosmic scales in order to found a quantum signa-
ture. To this end, we evaluate the quantum contribution
ρ2k
ρQ
= 5.785× 10−27m−2, (40)
where we used the value for the cosmological constant Λ =
1.1056 × 10−52m−2 given by Planck 2018 and our best fit
for ω for the join sampler reported in Table III. This result is
crucial since we are obtaining a direct value of the HLG pa-
rameter ω ≈ −3.8 × 10−14, from late time observations that
have effect in the density quantum contribution (40). These ef-
fects will have negative sign contributions if we deal with the
modified Friedmann constriction Ωm + ΩΛ + ΩQ + Ω∗r = 1,
with ΩQ ≡ Ωk
(
1− ΩωΩΛ
)
, Ω∗r ≡ Ω
2
k
4ΩΛ
+Ωr, since the HLG
terms are related to the curvature density parameter that need
to be compensated by the total matter/energy contributions
with the values of the parameters b1 and b2.
Discussion.- In this letter we present a proposal of inverse
cosmography in order to set quantum signatures on Horˇava
gravity via its cosmographic parameters, without experiment-
ing truncation problems over the Taylor series. With this
approach we obtain a HLG generic cosmography scenario,
where it is possible to study parameters that came from quan-
tum signatures when a non-flat universe is considered. No-
tice that this kind of non-flat scenario also has been consid-
ered in [15], to explain the presence of a lensing amplitude
in CMB linear power spectra in comparison to the standard
ΛCDM, which report a value of Ωk = 0.0007 ± 0.0019 at
68% CL. Even though, this latter result relaxes the H0 ten-
sion problem by estimated a value of Ωk = −0.091 ± 0.037
at 68% C.L., i.e a closed universe. The problem with this re-
sult lies in adding curvature as an additional free parameter
to the standard six from ΛCDM (so-called ΛCDM+Ωk) and
a deviation of around 3-σ arise with respect to Planck 2018
prediction and the BAO observations in different galactic cat-
alogs. With our HLG proposal, we obtain naturally a non-flat
scenario with Ωk = −0.021+0.023−0.029 with H0 = 71.904+1.406−1.347,
without showing a 3.4-σ inconsistency as it was reported in
the latter reference. Also, we employ forecast GW data from
Einstein Telescope to enrich the observational redshift range
of the other samplers.
The main result of the present work is that by applying the
novel method of inverse cosmography in the HLG cosmolog-
ical model, we can explicitly analyse the contribution of the
terms that are relevant in the UV regime, i.e., that are related
to the quantum nature of the model and that enter explicitly
the modified Friedmann equations. We obtain as a first re-
sult that our Universe must be spatially curved due to the
presence of quantum contributions. Since in Einstein gravity,
the ΛCDM model predicts a flat universe, we can conclude
that classically our universe is flat, but it should be curved
from a quantum point of view. Moreover, by using recent
results of cosmological and Gravitational Wave observations,
we were able to obtain a concrete value for the Horˇava param-
eter ω ≈ −3.8×10−14. This is a concrete result of our analy-
sis that could be compared with results obtained in other sce-
narios in order to establish the observational validity of HLG
at the quantum level.
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7Best fits
Parameters Pantheon CC GW H0LiCOW Pantheon + CC + GW + H0LiCOW
Ωm 0.292
+0.032
−0.132 0.311
+0.022
−0.013 0.325
+0.072
−0.252 0.308
+0.023
−0.013 0.331
+0.101
−0.101
ΩΛ 0.718
+0.706
−0.708 0.690
+1.329
−1.332 0.726
+0.747
−0.757 0.714
+0.6840
−0.689 0.719
+1.406
−1.347
Ωk −0.012+0.12−0.18 −0.012+0.02−0.02 −0.020+0.013−0.019 −0.01+0.021−0.018 −0.021+0.023−0.029
Ωω 0.090
+4.01
−4.03 0.081
+3.11
−3.13 0.120
+3.18
−3.18 0.122
+5.01
−4.12 0.090
+3.241
−3.241
TABLE II: Best fits values for HLG theory parameters SNeIa Pantheon, CC, H0LICOW, GW and the join sampler.
Parameters Pantheon CC GW H0LiCOW Pantheon + CC + GW + H0LiCOW
ΩΛω 0.195
+0.021
−0.008 0.207
+0.015
−0.009 0.217
+0.048
−0.168 0.205
+0.015
−0.009 0.220
+0.067
−0.067
ω × 10−14 −3.349+331.128−1363.33 −3.291+211.198−125.479 −3.804+759.417−2655.54 −3.386+235.127−133.273 −3.803+1046.24−1046.17
ΩW (q0) 21.005
+10.021
−10.008 0.766
+1.015
−1.009 8.030
+1.048
−0.148 31.598
+12.115
−12.009 9.600
+2.167
−2.167
ΩW (j0) 9.311
+2.021
−1.008 454.279
+322.115
−309.109 4.40
+3.148
−3.168 24.842
+11.115
−8.933 5.520
+2.667
−2.667
ΩW (s0) 62.038
+32.021
−28.008 61.224
+23.015
−19.449 38.789
+12.148
−12.148 74.641
+13.015
−7.009 36.561
+10.133
−5.121
TABLE III: Derived quantities values for HLG theory using the results given in Table I.
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